Reports of children with non-type b Haemophilus influenzae infection in the United States in recent years have been limited. Here, we report the spectrum and severity of disease associated with invasive non-type b H influenzae infection in 17 patients at 2 tertiary-care children's hospitals over a 2-year period. Meningitis was the most common diagnosis. The majority of the patients had neurologic sequelae, and 1 patient died. The high proportions of hospitalization, intensive care utilization, and neurologic complications reveal that non-type b H influenzae infection was associated with significant morbidity in this pediatric population.
b H influenzae infection to help define the current clinical spectrum and severity of disease associated with this organism.
METHODS
We studied the spectrum and severity of clinical disease associated with non-type b H influenzae detection in children at Sanford Children's Hospital in Sioux Falls, South Dakota, and Sanford Children's Hospital in Fargo, North Dakota, over a 2-year period. All children with culture-proven invasive nontype b H influenzae infection who presented between August 1, 2013, and December 1, 2015, were included. A retrospective chart review was conducted to obtain demographic, clinical, and laboratory data and associated diagnoses (defined by International Classification of Diseases, Ninth Revision, codes).
Data were collected on all patients with invasive non-type b H influenzae infection, defined by isolation of the bacterium from blood, cerebrospinal fluid, or synovial fluid/bone biopsy. Standard microbiologic methods were used to identify H influenzae isolates. The isolates then were sent to the South Dakota or North Dakota state reference laboratory for serotyping. A Microsoft Excel (version 14.5.8) spreadsheet was used for data collection and analysis.
RESULTS
During the study period, 17 children with invasive non-type b H influenzae disease were identified. In all these patients, non-type b H influenzae was the only detected pathogen. All the isolates were β-lactamase negative on the basis of antibiotic-susceptibility patterns.
Clinical characteristics are presented in Table 1 . The median age of the patients was 11 months (range, 1 day to 5 years); 10 (59%) patients were less than 1 year of age. They all were previously healthy except for 1 patient who had a history of prematurity (born at 34 weeks' gestation) and a ventriculoperitoneal shunt related to previous trauma. This patient had undergone recent shunt revision before developing meningitis. Two other patients were premature; 1 was born at 34 weeks' gestation, and 1 was born at 29 weeks' gestation. The majority of our patients were white (59% [n = 10]), and 6 (35%) were Native American (Table 1) . Eleven (65%) of the patients attended daycare. All except the neonate had received at least 1 dose of the Hib vaccine.
The most common presenting symptom was fever (88% [n = 15]). Other common presenting symptoms included irritability (53% [n = 9]), lethargy (53% [n = 9]), vomiting (53% [n = 9]), and seizures (18% [n = 3]). Two (12%) patients presented with respiratory distress, and another 12% (n = 2) presented with cough. The duration of symptoms ranged between 1 and 10 days before presentation.
All patients in the study required hospitalization. The median duration of hospitalization was 21 days (range, 1-69 days). Eleven (65%) of the 17 patients required admission to an intensive care unit, and 7 (64%) of them needed intubation and mechanical ventilation.
No specific seasonality was noted, and patients were admitted at various times throughout the year.
Meningitis was the most common diagnosis (77% [n = 13]), followed by septic arthritis (12% [n = 2]) and osteomyelitis (12% [n = 2]). Of the 13 patients with meningitis, 10 (77%) had concomitant bacteremia. The elbow was the most commonly involved joint, noted to be affected in 3 (75%) of the 4 patients, followed by the knee (25% [n = 1]). The humerus was the involved site in both patients with osteomyelitis.
All of the patients were treated with ampicillin, cefotaxime, or ceftriaxone. The duration of treatment for patients with meningitis ranged between 10 and 35 days. None of the patients were treated with steroids. The patients with a bone/joint infection were treated for a range of 14 to 28 days.
Of the 13 patients with meningitis, 7 (54%) had status epilepticus during their hospitalization. All 13 underwent magnetic resonance imaging of the brain for persistent seizures and/or neurologic abnormalities. Three (23%) of the patients with meningitis had subdural empyema that required drainage procedures. The most common neuroimaging abnormality noted was meningeal enhancement, which was seen in all of the patients with meningitis (100% [n = 13]). Other neuroimaging abnormalities Table 1 . One child was found unresponsive and pronounced brain dead on the day of admission. The subsequent autopsy revealed bacteremia and meningitis. None of the other children died.
In our study, a large proportion of both white (9 of 10 [90%]) and Native American (4 of 6 [67%]) patients had meningitis. Among the white patients with meningitis, 67% (6 of 9) developed neurologic sequelae in the form of seizures, motor delay, and hearing loss, and 1 patient died (Table 1) , whereas all the Native American patients developed seizures, and 2 had motor delay (Table 1) . It should be noted that one-third of the patients in this study were of Native American descent, whereas only 5% to 9% of the catchment population is Native American.
Three patients were determined to have H influenzae type a, and 1 patient had H influenzae type f. Specific serotyping could not be determined for the remaining H influenzae isolates.
DISCUSSION

Reports of non-type b H influenzae infection in the United
States have been limited in recent years. To our knowledge, this is one of the largest case series of children with invasive non-type b H influenzae infection in the United States in recent years. The majority of our patients (59%) were less than 1 year of age. Previous studies have shown that rates of invasive nontype b H influenzae are highest in young children [1, 3, 4, 6] .
It is notable that the majority of our patients were previously healthy, which differs from published reports that have shown a majority of the patients to have potentially predisposing factors for invasive H influenzae disease, including cerebral palsy and myotonic dystrophy [1, 4] .
All the patients in our study required hospitalization, and the majority (65%) of them were critically ill and needed admission to an intensive care unit. Previous studies have found high rates of hospitalization for patients with invasive H influenzae disease; however, none of the previous studies reported such a high proportion of intensive care unit admission or ventilation needs [3, 6] . Our patients had hospitalization durations that ranged up to 69 days (median, 21 days), which is longer than the 7 to 10 days reported by previous studies [6] .
Ours is one of the first studies to find that meningitis and bacteremia were the most common diagnoses in patients with non-type b H influenzae infection. Previous reports have found bacteremia and pneumonia to be common, but reports of high rates of meningitis associated with non-type b H influenzae have been limited [1, 3, 4, 6] .
Ours is also one of the few studies to assess neurologic sequelae of invasive infection caused by this bacterium. Neurologic consequences in association with non-type b H influenzae have not been well described. It is notable that the majority of our patients with meningitis had abnormal radiologic findings and developed neurologic complications in the form of status epilepticus, subdural effusion, ventriculitis, hydrocephalus, infarction, and subdural empyema that required drainage. The majority of the patients with meningitis (9 of 13) developed neurologic sequelae such as seizures, delayed development, and hearing loss, and 1 patient died. The high proportions of patients who needed hospitalization or intensive care or had serious complications and neurologic sequelae reveal that non-type b H influenzae was associated with severe invasive disease in our patient population.
Six of the 17 patients in our study group were Native American (35%). The proportions of the populations in North Dakota and South Dakota that are Native American are 5.4% and 8.9%, respectively [7] . The majority of the Native American patients affected by non-type b H influenzae had meningitis and developed neurologic sequelae in the form of seizures and motor delay. It should be noted that white patients constituted the majority of our study population; 90% of them were diagnosed with meningitis, and the majority of them also developed neurologic sequelae, including hearing loss, seizures, and motor delay.
Before introduction of the Hib vaccine, indiginous people in North America and Australia were noted to have the highest incidences of invasive Hib disease [4] . Brown et al [4] reported that 73.7% of their 19 pediatric patients in northwestern Ontario, Canada, with non-type b H influenzae disease were aboriginal children. The reason for this racial preponderance could be related to an intrinsic genetic predisposition, but specifc etiologic factors remain undetermined [4] .
All of our patients except the newborn had at least 1 dose of the Hib vaccine before their illness. The incidence of invasive Hib disease has decreased drastically since the initation of routine vaccination; several studies have reported more invasive H influenzae disease attributable to non-type b strains [1, 3, 4, 6] . The cause of this increase in prevalence of non-type b H influenzae infection is unknown. It has been suggested that disease related to non-type b H influenzae might represent a replacement phenomenon [1, 3, 4, 6] . Several other possible explanations have been suggested, including improved bacterial detection and serotyping, increased virulence of non-type b strains, and demographic changes [8] .
In our study population, there was 1 premature neonate who was found to have meningitis. A few reports of invasive disease in neonates caused by non-type b H influenzae have been described. One study reported H influenzae colonization of the reproductive tract leading to premature rupture of membranes during pregnancy [2] , and there are emerging data on nontype b H influenzae causing neonatal sepsis [9] . However, more studies are needed for us to fully understand the pathogenesis of neonatal non-type b H influenzae infection.
One of the limitations of our study was that it was a retrospective review over 2 years. Because this was a retrospective study of hospitalized patients, milder cases of non-type b H influenzae might not have been identified. Another limitation was that although 3 patients were determined to have type a and 1 patient had type f H influenzae, specific serotyping could not be determined for the remaining non-type b H influenzae isolates.
Even with the decreased incidence of invasive disease since initation of the Hib vaccine, H influenzae remains a significant pathogen in children as non-type b strains emerge as the cause of severe disease. It is important to continue monitoring the effects of nontype b H influenzae, and additional studies are needed to address the factors that contribute to the emergence of these bacteria and the pathogenesis of invasive disease associated with them.
CONCLUSIONS
This is one of the largest case series of children with invasive nontype b H influenzae infection in recent years in the United States. Meningitis was noted to be the most common diagnosis, and the majority of the children were previously healthy. Non-type b H influenzae infection was associated with significant morbidity in our pediatric population. Additional studies are needed to determine the factors that contribute to the pathogenesis of invasive disease associated with non-type b H influenzae infection.
